Supplementary Material
Spatiotemporal variability of oxygen isotope anomaly in near surface air CO 2 over urban, semi-urban and ocean areas in and around Taiwan
S1. Notations
The isotopic composition of a gas is defined as
where R i = ( 13 C/ 12 C), ( 17 O/ 16 O), or ( 18 O/ 16 O) for CO 2 in this study, and R std is the same ratio in a standard sample. The unit ‰ reads per mil or parts per thousand. Values of δ 13 C and δ 18 O are reported with respect to V-PDB and V-SMOW, respectively.
In typical biogenic/atmospheric processes, the partitioning between species oxygen isotope ratios follow a mass-dependent relation, i.e., ln(1+δ 17 O) = λ× ln(1+δ 18 O).
The factor λ in our work is taken to be 0.516 (λ 0 ) but may vary between 0.500 and 0.532 depending on fractionation processes. The Δ 17 O value is defined to quantify the deviation from the mass-dependent fractionation line:
S2. The selection of λ
The definition of λ and the selection of the reference do not change the interpretation, as long as the same scales are used consistently. The factor λ is chosen to be 0.516, following the fractionation that occurs in transpiration globally between 60°S-75°N (Landais et al., 2006) at averaged relative humidity of 75% (Dai, 2006) . The selected λ is close to the fractionation of evaporative and diffusional processes (Barkan and Luz, 2007; Luz and Barkan, 2010) . With this definition, the formulation of the partitioning of triple oxygen isotopes between meteoric, vapor, soil, stem, and leaf waters and CO 2 can be simplified to prescribing meteoric water only. Given that the triple isotope variation in these processes follows a similar λ, the so-called oxygen anomaly remains unchanged during its transfer across reservoirs.
S3. Analytical method
The CO 2 -O 2 oxygen isotope exchange method developed by Mahata et al. (2013) in Mahata et al., 2012) gas to obtain the pre-exchange δ-values. After the reaction, the exchanged O 2 is separated from CO 2 , taken in a molecular sieve and measured relative to the same WR-O 2 gas to obtain the post-exchange δ-values. The removal of CO 2 is done by passing the mixture through a coiled U-trap submerged in LN 2 . During the transfer, the line pressure is kept below ~5 mbar, to ensure that part of O 2 is not trapped along with CO 2 at LN 2 temperature.
Mass spectrometer cross-contamination for O 2 isotope analysis is checked and is found beyond detection limit, consistent with a previous study (Assonov and Brenninkmeijer, 2003) .
The analytical precision obtained for the Δ 17 O value of CO 2 is better than 0.01‰ (1-σ standard deviation; see Table S1 -S3). Table S1 shows the analytical reproducibility of ∆ 17 O value in CO 2 from a commercial CO 2 tank (AS-1). The overall precision is 0.01‰. The precision, however, is better when a sample is analyzed batch-wise in which three aliquots were run at the same time taking advantage of the system design having three exchange chambers. Better precision in a single batch is obtained because the exchange reaction in each reaction chamber proceed nearly identically. The three chamber design is optimized to obtain high precision for CO 2 diurnal variation study (see Table 2 of Mahata et al., 2016) .
A more rigorous precision test is summarized in in Liang and Mahata (2015) , where aliquots of the same gas were taken from a tank of compressed air with CO 2 concentration of 387.7 ppmv.
The compressed air tank is a commercially available cylinder of 47 L with air pressurized to ~4000 psi using a compressor which has an inbuilt water removal system (MingShen Enterprise Co., Ltd., Taiwan). Besides that, no additional moisture trap was used.
For checking reproducibility we also compared samples collected in duplicates (Table S2 ). In this case two sample flasks were connected in series. We see that the difference between duplicates is slightly larger for δ 13 (Mahata et al., 2012; Barkan and Luz, 1996) (Table S3) consider or attempt to calibrate for it. In addition, a few aliquots of AS-1 CO 2 were sent to UCSD for calibration, using the fluorination system in Thiemens' laboratory and there is good agreement between our assigned value and what they determined. Table S1 : Reproducibility of ∆ 17 O values (λ=0.516) in CO 2 samples from a commercial CO 2 tank (AS-1). AS-1 CO 2 is a pure CO 2 cylinder, with δ 13 C= -39.92‰ (V-PDB) and δ 18 O=11.53‰ (V-SMOW). The ∆ 17 O value of AS-1 CO 2 was also determined independently using fluorination at UCSD (see Table S3 ). Our current design is to handle three samples at a time in one batch. Barkan and Luz (2011) report 23.881‰, 12.026‰, and -0.223‰. Our calibration CO 2 standard is from OZTECH, in good agreement with an independent check using NBS-19 CO 2 ; the scale differences in δ 13 C and δ 18 O values between OZTECH CO 2 and NBS-19 CO 2 are about 0.05‰.
